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(54) 2, 7-DIAMINO NAPHTHALENE COMPOUND, 
TRANSPORTING MATERIAL, MATERIAL 

ELECTROLUMINESCENT ELEMENT AND 
ELECTROLUMINESCENT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic electroluminescent element having 
high electric current efficiency and light-emitting efficiency, capable of being driven by a 
low voltage, having excellent driving stability and heat resistance, and having stable 
light-emitting characteristics. 

SOLUTION: A new 2,7-diaminonaphthalene compound is expressed by general formula 
(I) (Rl, R2, R3 and R4 are each an aromatic radical which may be substituted, or Rl and 
R2 are together combined to be formed into a ring which may be substituted and R3 and 
R4 are together combined to be formed into a ring which may be substituted, provided 
that at least one of Rl, R2, R3, R4, the ring formed by together combining Rl and R2 and 
the ring formed by together combining R3 and R4 is an aromatic condensed ring radical 
which is formed by condensing 3 or more rings and may be substituted). The organic 
electroluminescent element has a layer containing the 2,7-diaminonaphthalene 
compound. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 



[Claim 1] 



A 2,7-diamino naphthalene compound expressed with following general formula 
(I). 

[Formula 1] 



(Among general formula (I), the aromatic group which may have a substituent is 
expressed independently respectively, or R 1 , R 2 and R 3 , and R 4 join together, 
and R 1 - R 4 form respectively the ring which may have a substituent 
independently.) 

However, at least one of the ring which R 1 - R 4 , and R 1 and R 2 combine and form, 
and the rings which R 3 and R 4 combine and form expresses the aromatic 
condensed ring group which three or more rings condense and which may have 




a substituent. 
[Claim 2] 

The 2,7-diamino naphthalene compound according to claim 1 whose aromatic 
condensed ring group which three or more rings condense, and which may have 
a substituent is a phenan tolyl group which may have a substituent. 
[Claim 3] 

A charge transporting material containing the 2,7-diamino naphthalene 
compound according to claim 1 or 2. 
[Claim 4] 

Organic electroluminescence-devices material containing the 2,7-diamino 
naphthalene compound according to claim 1 or 2. 
[Claim 5] 

Organic electroluminescence devices having a layer containing the 2,7-diamino 
naphthalene compound according to claim 1 or 2 in organic electroluminescence 
devices which have a luminous layer between the anode and the negative pole. 
[Claim 6] 

The organic electroluminescence devices according to claim 5 which have a 
layer containing said 2,7-diamino naphthalene compound between the anode 



and a luminous layer. 



2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to a new 2,7-diamino naphthalene compound, the charge 
transporting material using this, an organic electroluminescence-devices 
material, and organic electroluminescence devices. The new 2,7-diamino 
naphthalene compound especially suitable as a stratification material of electron 
hole transportability used for the organic electroluminescence devices as a thin 
film type device which emits light applying an electric field to the luminous layer 
which comprises an organic compound in detail, It is related with the charge 
transporting material using this, an organic electroluminescence-devices 
material, and the organic electroluminescence devices that provided this 
2,7-diamino naphthalene compound ****** 

[Background of the Invention] 

[0002] 

The EL element produced from the above-mentioned inorganic material 



although what doped Mn which is a luminescence center, and rare earth 
elements (Eu, Ce, Tb, Sm, etc.) was common to ZnS and CaS which are ll-VI 
group compound semiconductors of an inorganic material, SrS, etc. as a thin film 
type electroluminescence (EL) element conventionally, 

1) An alternating current drive is necessity (50-1000 Hz), 

2) Driver voltage is high (-200V), 

3) Full color-ization is difficulty (especially blue), 

4) The cost of a circumference drive circuit is high, 
It has a problem to say. 
[0003] 

However, development of the EL element using an organic thin film came to be 
performed in recent years for improvement of the above-mentioned problem. In 
order to raise luminous efficiency especially, it aims at the improve efficiency of 
carrier pouring from an electrode, By development (Appl.Phys.Lett., 51 volumes, 
913 pages, 1987) of the organic electroluminescence devices which provided 
the electron hole transporting bed which optimizes the kind of electrode and 
comprises aromatic diamine, and the luminous layer which comprises the 
aluminium complex of 8-hydroxyquinoline. An extensive improvement of 



luminous efficiency is made as compared with the EL element using single 
crystals, such as the conventional anthracene, and the practical use 
characteristic is approached. 

[0004] 

Besides the electroluminescence devices using the above low molecule 
materials, as a material of a luminous layer, Poly (p-phenylenevinylene), poly 
[2-methoxy-5-(2-ethylhexyloxy)-1 ,4-phenylenevinylene], Development of the 
electroluminescence devices using polymer materials, such as poly (3-alkyl 
thiophene), and development of the element which mixed a low-molecular 
luminescent material and electronic transition material to polymers, such as a 
polyvinyl carbazole, are also performed. 

[0005] 

In order to apply organic electroluminescence devices to light sources, such as a 
flat panel display and a back light, it is necessary to fully secure the reliability of 
an element. However, the conventional organic electroluminescence devices of 
heat resistance are insufficient, Current/voltage characteristics shifted to the 
high-tension side by the rise of the environmental temperature of an element, or 
process temperature, a life did not fall by local joule generation of heat at the 



time of an element drive, and degradation of generating of a nonluminescent 
portion (dark spot), an increase, etc. was not avoided. 
[0006] 

The main cause of these degradation is degradation of the thin film shape of an 
organic layer. Degradation of this thin film shape is a rise in heat by generation 
of heat at the time of an element drive, etc., and it is thought that it originates in 
crystallization (or condensation) of an organic amorphous thin film, etc. It is 
thought that this heat-resistant lowness originates in the lowness of the glass 
transition temperature (it omits the following "Tg") of material. 
[0007] 

About the compound of low molecular weight (for example, about 400 to 600 
molecular weight), especially a hole transporting material, there are many things 
with the low melting point which have high symmetry. The typical aromatic amine 
compound well used as a hole transporting material of organic 
electroluminescence devices until now is shown below. 
[0008] 

[Formula 2] 




[0010] 



[Formula 



4] 




(A-3) 



[0011] 

Tg of the above-mentioned aromatic diamine (A-1) is 65 **, and Tg of 
N,N'-diphenyl-N,N'-(3-methylphenyl)-1,1'-biphenyl 4,4'-diamine (usually referred 
to as TPD) 60 **, Tg of starburst typearomatictriamine (A-2) - 75 ** (J. - 
Phys.Chem. - 97 volumes) Tg of the 4,4'-bis[N-(1-naphthyl)-N-phenylamino] 
biphenyl (A-3) which introduced 6240 pages, 1993, and alpha-naphthyl group is 
96 ** (the Institute of Electronics, Information and Communication Engineers 
technical research report, OME95-1995 [ 54 or ]). 
[0012] 

In the organic amorphous thin film formed from these aromatic amine 



compounds, it crystallizes by a rise in heat, or a counter diffusion phenomenon is 
caused in the two-layer type element structure of an electron hole transporting 
bed and a luminous layer. And as a result, the deterioration phenomenon to 
which the luminescent characteristic of an element, especially driver voltage 
become high appears, and it leads to the fall of a drive life eventually. Since it 
counts upon the rise in heat in processes, such as vacuum evaporation, baking 
powder (annealing), wiring, and closure, at the time of element creation also 
except the time of the drive of an element, the still higher thing of Tg of a hole 
transporting material is desirable. 

[0013] 

On the other hand, the trial which uses a polymer material as a hole transporting 
material of organic electroluminescence devices instead of a low molecular 
weight compound is also performed, For example, a polyvinyl carbazole (the 
Institute of Electronics, Information and Communication Engineers technical 
research report, OME90-1990 [ 38 or]), Polysilane (Appl.Phys.Lett., 59 volumes, 
2760 pages, 1991), polyphosphazene (42nd Society-of-Polymer-Science,Japan 
annual meeting and I-8-07 and 1-8-1993 [ 08 or]), etc. are reported. However, a 
polyvinyl carbazole has problems, such as a hole trap etc. of what has 200 ** 



and high Tg, and endurance is low, The characteristic that the drive life of 
polysilane is as short as several seconds, ionization potential of 
polyphosphazene is high, and all endure the conventional aromatic diamine 
compound by photodegradation etc. is not shown. 
[0014] 

in addition -- although the electron hole transporting bed which made 
polycarbonate and polymethylmethacrylate distribute an aromatic diamine 
compound 30 to 80% of the weight is also examined (Jpn.J.Appl.Phys..) 
31 -volume L 960 pages, 1992, and a low molecular weight compound act as a 
plasticizer, Tg is lowered, and it is falling as compared with the case where an 
element characteristic also uses an aromatic diamine compound alone. 
[0015] 

Thus, the actual condition is holding the still big problem in the heat resistance of 
an element, and a drive life towards utilization of organic electroluminescence 
devices. 
[0016] 

The heat resistance of organic electroluminescence devices is not improved, but 
it is a big problem as light sources, such as a back light of a facsimile, a copying 



machine, and a liquid crystal display, that a luminescent characteristic is 
unstable. 

It is the characteristic which is not desirable as display devices, such as a flat 



It is serious when considering the application to the display for mount especially. 
[0017] 

J P, 8-871 22, A has the statement about the charge transport layer of the organic 
electroluminescence devices containing the following (A-4) 2,7-diamino 
naphthalene compounds and an electro photography photo conductor, 
JP,7-120949,A has the statement about the photosensitive layer of the electro 
photography photo conductor containing the following (A-5) and a 2,7-diamino 
naphthalene compound as shown in (A-6). 



panel 



display. 



[0018] 



[Formula 



5] 



[0020] 

However, it is thought that drive life low [ the above-mentioned compound (A-4), 
(A-5), and (A-6) ] Tg as an electron hole transporting bed material of organic 
electroluminescence devices and sufficient in the organic electroluminescence 
devices which used this compound for the electron hole transporting bed is not 
acquired. Since an electrochemical characteristic and ionization potential are 
large and a diamino naphthalene compound changes with replacement positions 
of an amino group, the characteristics of organic electroluminescence devices of 
having used it for the electron hole transporting bed also differ, so that it may 
mention later. As a result of this invention person's inquiring wholeheartedly, 
especially as a hole transporting material of organic electroluminescence 
devices, found out that a substitution product was as useful as 2 and 7-, but. 
There is no statement about the replacement positions, the electrochemical 
characteristic, and ionization potential of an amino group in JP,8-87122,A and 
JP,7-120949,A. 
[0021] 

Although JP,2-44363,A has the statement about the electro photography photo 



conductor containing a diamino naphthalene compound, the compound 
indicated in this gazette is also considered that Tg is low as an electron hole 
transporting bed material of organic electroluminescence devices. Since the 
compound in which the frontier electron orbit has spread greatly as a hole 
transporting material of organic electroluminescence devices in the aryl group 
replaced by the nitrogen atom has large hole mobility, it is considered to be 
useful so that it may mention later, but. Since the alkyl group and aralkyl group of 
non-conjugate have replaced the diamino naphthalene compound given in 
JP,2-44363,A by the nitrogen atom, A frontier electron orbit does not spread in 
the alkyl group and aralkyl group which were replaced by the nitrogen atom, but 
it is thought that hole mobility is small, and it is not desirable as an electron hole 
transporting bed material of organic electroluminescence devices. And at least 1 
and 5- is a substitution product and, as for all the illustration compounds 
indicated in this gazette, at least 2 and 7- is considered to be less than a 
substitution product as an electron hole transporting bed material of organic 
electroluminescence devices also from the field of an electrochemical 
characteristic and ionization potential. 

[0022] 



In JP, 5-234681 ,A, the following (A-7) 2,6-diamino naphthalene compounds are 
indicated as an example of the electron hole transporting bed material of organic 
electroluminescence devices. 
[0023] 




(A-7) 



[0024] 

However, since at least 2 and 6- is a substitution product, this compound (A-7) is 
considered for ionization potential to be low and not to be as preferred [ as a 
substitution product ] as 2 and 7- as an electron hole transporting bed material of 
organic electroluminescence devices. Since the electron density of a substitution 



product of a central naphthylene group is large, a frontier electron orbit does not 
spread in the aryl group replaced by the nitrogen atom, but at least 2 and 6- has 
the tendency for hole mobility to become comparatively small, so that it may 
mention later. It is thought that this compound has the room for an improvement 
also in the soluble point to an organic solvent, and has a technical problem in 
respect of productivity. 

[0025] 

JP,6-120541,A has the statement about the organic solar cell which contains a 
diaminoacenaphthene compound as a charge transport color, JP,4-181260,A 
and J P, 2-44364 ,A have the statement about the electro photography photo 
conductor containing diaminophenanthrene, and JP,2-44365,A has the 
statement about the electro photography photo conductor containing 
diaminoanthracene. However, the compound in which two or more amino groups 
were replaced by the condensed ring group which these three or more rings 
condense, Since the electron cloud of the central condensed ring group has 
spread greatly, a frontier electron orbit does not spread in the aryl group 
replaced by the nitrogen atom, but hole mobility is considered to be 
comparatively small and not to be desirable as an electron hole transporting bed 



material. The compound in which two or more amino groups were replaced by 
these condensed ring groups of three or more rings has the low energy level of 
LUMO (minimum non-occupying molecular orbital), and since it has absorption 
and a luminous wavelength in a long wavelength field comparatively, it has a 
problem as an electron hole transporting bed material of organic blue 



electroluminescence 
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[Nonpatent literature 1] Appl.Phys.Lett., 51 volumes, 913 pages, 1987 
[Nonpatent literature 2] J. Phys.Chem., 97 volumes, 6240 pages, 1993 
[Nonpatent literature 3] The Institute of Electronics, Information and 
Communication Engineers technical research report, OME95-1995 [ 54 or ] 



[Nonpatent literature 4] The Institute of Electronics, Information and 
Communication Engineers technical research report, OME90-1990 [ 38 or ] 
[Nonpatent literature 5] Appl.Phys.Lett., 59 volumes, 2760 pages, 1991 
[Nonpatent literature 6] 42nd Society-of-Polymer-Science,Japan annual meeting 
and I-8-07 and 1-8-1993 [ 08 or ] 

[Nonpatent literature 7] Jpn.J.Appl.Phys., 31 L 960 pages, 1992 
[Description of the Invention] 

[Problem(s) to be Solved by the Invention] 
[0026] 

This invention solves the above-mentioned conventional problem, and the low 
voltage and an efficient drive are possible for it, And it excels in heat resistance 
and driving stability, and aims at providing the new 2,7-diamino naphthalene 
compound which can realize the organic electroluminescence devices which can 
maintain a stable luminescent characteristic over a long time also in an elevated 
temperature, the charge transporting material using this, an organic 
electroluminescence-devices material, and organic electroluminescence devices. 
[Means for Solving the Problem] 

[0027] 



A 2,7-diamino naphthalene compound of this invention is expressed with 
following general formula (I). 

[Formula 8] 




(Among general formula (I), the aromatic group which may have a substituent is 
expressed independently respectively, or R 1 , R 2 and R 3 , and R 4 join together, 
and R 1 - R 4 form respectively the ring which may have a substituent 
independently.) 

However, at least one of the ring which R 1 - R 4 , and R 1 and R 2 combine and form, 
and the rings which R 3 and R 4 combine and form expresses the aromatic 
condensed ring group which three or more rings condense and which may have 
a substituent. 



[0028] 

Namely, in current efficiency, luminous efficiency, the drive life characteristic, etc. 
of organic electroluminescence devices this invention person, For the existence 
of the aromatic condensed ring group of three or more rings which the new 
2,7-diamino naphthalene compound expressed with the above-mentioned 
general formula (I) has in a molecule as a result of inquiring in order to aim at 
further improvement, Tg was high and had moderate ionization potential, and 
electron hole transportation ability was high, found out being improvement in 
current efficiency and luminous efficiency, and that it was still more effective in 
improvement in driving stability and a drive life, and reached this invention. 
[0029] 

The 2,7-diamino naphthalene compound of this invention expressed with the 
above-mentioned general formula (I) can obtain an organic thin film which has 
high Tg and is not crystallized easily from the molecular structure. Ionization 
potentials and oxidation-reduction potentials of a 2,7-diamino naphthalene 
compound of this invention are about 4.9-5.3 eV and a 0.6 - LOVvs.S C E grade, 
and have a value moderate as an electron hole transporting bed material of 
organic electroluminescence devices, respectively. Therefore, organic 



electroluminescence devices using a 2,7-diamino naphthalene compound of this 
invention as an electron hole transporting bed material show high current 
efficiency and luminous efficiency. 

[0030] 

A diamino naphthalene compound (.) in which replacement positions of an 
amino group differ on the other hand Namely, ionization potential and an 
oxidation-reduction potential of a 2,6-diamino naphthalene compound, a 
1 ,4-diamino naphthalene compound, and a 1 ,5-diamino naphthalene compound, 
comparing with a corresponding 2,7-diamino naphthalene compound ~ 
respectively ~ 0.2-0.5 eV, and 0.2-0.5 - it is [ about V ] low. For this reason, 
since exciplex with a molecule used for a luminous layer becomes is easy to be 
formed when a diamino naphthalene compound in which the above-mentioned 
substituents differ is used as an electron hole transporting bed material, it 
becomes what has low current efficiency and luminous efficiency as organic 
electroluminescence devices. 
[0031] 

Usually, positive charge of radical cation in which one electron of aromatic 
diamine oxidized is localized to the central part, and serves as hindrance of 



electron hole movement. However, since a 2,7-diamino naphthalene compound 
of this invention has as a substituent an aromatic condensed ring group which 
has a bigger electron cloud as compared with a central naphthalene ring, 
positive charge delocalizes it and it shows high electron hole transportation 
ability. As compared with a diamino naphthalene compound in which 
replacement positions of the above-mentioned amino group differ in an 
interaction of two nitrogen atoms, since it is weak, localization of positive charge 
in a central naphthylene group does not take place easily, and a 2,7-diamino 
naphthalene compound of this invention is considered to have higher electron 
hole transportation ability. For this reason, organic electroluminescence devices 
using a 2,7-diamino naphthalene compound of this invention as an electron hole 
transporting bed material are excellent in driving stability. 
[0032] 

A charge transporting material of this invention contains a 2,7-diamino 
naphthalene compound of such this invention, and an organic 
electroluminescence-devices material of this invention contains a 2,7-diamino 
naphthalene compound of such this invention. 
[0033] 



Namely, a 2,7-diamino naphthalene compound expressed with said general 
formula (I) has high Tg, and since charge transport nature is high, it can be used 
for it conveniently for an electro photography photo conductor, organic 
electroluminescence devices, an optoelectric transducer, an organic solar cell, 
an organic rectifier, etc. as a charge transport nature material. By using a 
2,7-diamino naphthalene compound expressed with said general formula (I), it 
excels in heat resistance, organic electroluminescence devices driven to stability 
for a long period of time (luminescence) are obtained, and it is suitable as an 
organic electroluminescence-devices material. 

[0034] 

In organic electroluminescence devices which have a luminous layer between 
the anode and the negative pole, organic electroluminescence devices of this 
invention have a layer containing a 2,7-diamino naphthalene compound of such 
this invention, are excellent in heat resistance and luminous efficiency, and are 
stable organic electroluminescence devices with a long drive life. 
[Effect of the Invention] 

[0035] 

By according to this invention, electron hole transportation ability being high, 



having moderate ionization potential, and using preferably the new 2,7-diamino 
naphthalene compound excellent in heat resistance, and this 2,7-diamino 
naphthalene compound for an electron hole transporting bed, Current efficiency 
and luminous efficiency are high, a low voltage drive is possible, and the organic 
electroluminescence devices which show driving stability and the stable 
luminescent characteristic excellent in heat resistance can be obtained. 
[Best Mode of Carrying Out the Invention] 
[0036] 

Although an embodiment of the invention is described in detail below, 
explanation of the constituent features indicated below is an example (example 
of representation) of the embodiment of this invention, and, as for this invention, 
specification is not carried out to these contents. 
With the "aromatic condensed ring group" which the "aromatic group" as used in 
this invention means "an aromatic hydrocarbon group and an aromatic 
heterocycle group", therefore is introduced into said general formula (I). Only 
aromatic hydrocarbon rings may be the aromatic condensed ring groups 
condensed three or more rings, and only an aromatic heterocycle may be an 
aromatic condensed ring group condensed three or more rings, and aromatic 



hydrocarbon rings and an aromatic heterocycle may be the aromatic condensed 
ring groups condensed three or more rings in total. 
[0037] 

First, the 2,7-diamino naphthalene compound of this invention expressed with 
said general formula (I) is explained. 

[0038] 

R 1 - R 4 among said general formula (I) which shows the 2,7-diamino 
naphthalene compound of this invention, Although the aromatic group which 
may have a substituent is expressed independently respectively, or R 1 , R 2 and 
R 3 , and R 4 join together and the ring which may have a substituent is formed 
independently respectively, At least one of the ring which R 1 - R 4 , and R 1 and R 2 
combine and form, and the rings which R 3 and R 4 combine and form expresses 
the aromatic condensed ring group which three or more rings condense and 
which may have a substituent. 

[0039] 

As R 1 - R 4 , specifically, A phenyl group, a naphthyl group, a phenan tolyl group, 
an anthryl group, a pyrenyl group, A fluorenyl group, a benzo fluorenyl group, a 
fluoran thenyl group, a peri RENIRU group, A thienyl group, a benzo thienyl 



group, a furil group, a benzo furil group, an indolyl group, the basis which 
consists of two to 5 condensed ring of the monocycles of 5 or 6 membered-rings, 
such as a carbazolyl group, a benzo carbazolyl group, a pyridyl group, a quinolyl 
group, and a quinoxalyl group, or these rings -- a phenyl group, a naphthyl group, 
a phenan tolyl group, an anthryl group, and a fluorenyl group are mentioned 
preferably. Each of these may have a substituent. 
[0040] 

When R 1 , R 2 , or R 3 and R 4 combines with each other and forms a ring, the 
desirable example of this ring is shown below, but it is not limited to these. 
[Formula 9] 




(R 5 , R 6 , and R 7 show an alkyl group, an aromatic hydrocarbon group, or a 

hydrogen atom among a formula.) 

Each of these may have a substituent. 
[0041] 



In the 2,7-diamino naphthalene compound of this invention expressed with said 
general formula (I), At least one is an aromatic condensed ring group which 
three or more rings in the ring which R 1 - R 4 , and R 1 and R 2 combine and form, 
and the ring which R 3 and R 4 combine and form condense and which may have 
a substituent. Since Tg of a compound goes up by having this aromatic 
condensed ring group, when it is used for the layer of the organic 
electroluminescence devices mentioned later, for example, the heat resistance 
of an element improves and it is desirable. 
[0042] 

From a point of derealization of positive charge in a compound, a case where at 
least one chosen from R 1 - R 4 is the aromatic condensed ring group which three 
or more rings condense and for which it may have a substituent is more 
preferred. 
[0043] 

As this aromatic condensed ring group, an anthryl group, a phenan tolyl group, a 
pyrenyl group, A five-membered ring - six membered-rings, such as a fluorenyl 
group and a pyrenyl group, preferably three or more rings Four or more rings, a 
five-membered ring - six membered-rings, such as an aromatic hydrocarbon 



group which usually consists of a condensed ring of five or less rings, an 
acridinyl group, a phenanthrolizinyl group, a benzo carbazolyl group, - four or 
more rings, three or more rings of aromatic heterocycle groups which usually 
consist of a condensed ring of five or less rings, etc. are mentioned preferably. 
[0044] 

Also in this condensed ring, aromatic hydrocarbon rings condense a more 
desirable thing and especially a desirable thing is a phenan tolyl group. By 
having a phenan tolyl group, the continuation drive characteristic of organic 
electroluminescence devices which have a layer containing this compound 
improves by leaps and bounds. 

[0045] 

As a position which this aromatic condensed ring group combines, although it 
may be any of R 1 - R 4 , especially a case where it has one at a time respectively 
in R 1 or R 2 , and R 3 or R 4 is preferred. 
[0046] 

By making -NR 1 R 2 and -NR 3 R 4 into a different basis, although a composition top 
has a preferred compound with high symmetry with equal -NR 1 R 2 and -NR 3 R 4 , 
There is an advantage that the amorphism nature of a thin film containing this 



compound increases, and a compound such for un-is also preferred. 
[0047] 

A ring which an aromatic group of R 1 - R 4 , R 1 , R 2 or R 3 , and R 4 combine and 
form, And as a substituent which the above-mentioned aromatic condensed ring 
group may have, Although there is no restriction in particular, for example An 
alkyl group of the carbon numbers 1-10, such as a methyl group, an ethyl group, 
t-butyl group, and a cyclohexyl group, An alkynyl group of the carbon numbers 
2-11, such as an alkenyl group of the carbon numbers 2-11, such as a vinyl 
group, and an ethynyl group, An alkoxy group alkoxy group of the carbon 
numbers 2-11, such as aralkyl groups, such as benzyl and a phenethyl group, a 
methoxy group, and an ethoxy basis, Aryloxy groups, such as a phenoxy group, 
a dimethylamino group, a diisopropylamino group, dialkylamino group [, such as 
an ethyl methylamino group, ]; - alkyl arylamino group [, such as a 
methylphenylamino group, ]; - a diphenylamino group. Diaryl amino groups, 
such as a ditolylamino group, a phenylnaphthyl amino group, and N-carbazolyl 
group; An acyl group of the carbon numbers 2-11, such as an acetyl group, An 
alkoxycarbonyl group of the carbon numbers 2-1 1 of a methoxycarbonyl group, 
an ethoxycarbonyl group, etc.; A phenyl group, a naphthyl group, a phenan tolyl 



group, an anthryl group, a pyrenyl group, a fluorenyl group, Aromatic 
hydrocarbon groups, such as a benzo fluorenyl group; A thienyl group, a benzo 
thienyl group, Aromatic heterocycle groups, such as a furil group, a benzo furil 
group, an indolyl group, a carbazolyl group, a benzo carbazolyl group, a pyridyl 
group, a quinolyl group, and a quinoxaiyl group, and an one or more -************ 
substituent may be mentioned, and these may be replaced further. As further 
substituent, although there is no restriction in particular, an above-mentioned 
alkyl group, an aromatic hydrocarbon group, etc. are mentioned, for example. 
These substituents may be introduced two or more on rings, such as R 1 - R 4 , 
and are set in that case, arbitrarily, two or more substituents may be mutually the 
same, or a position of a substituent may differ in them. 
[0048] 

As a ring which an aromatic group, R 1 , R 2 or R 3 in R 1 - R 4 , and R 4 combine and 
form, and a substituent which said aromatic condensed ring group ** may have, 
The desirable above is a methyl group, a phenyl group, a tolyl group, t-butyl 
group, a biphenyl group, and an ethyl group. 
[0049] 

Among such 2,7-diamino naphthalene compounds of this invention, an object 



compound uses 2,7-dihydroxynaphthalene (B) as a starting material, for 

example, and is compounded simple as follows. 
[0050] 

[Formula 10] 



H H 

HO^y^OH Ar 1 -NH 2 (II) > Ar'^fY^Ar 1 



(B) (C) 
Ar 2 A, 2 



(D) 



[0051] 

That is, dehydration of the aromatic amine first expressed with 
2,7-dihydroxynaphthalene (B) and general formula (II) is carried out by the mole 
ratio of 1:2. The 2,7-diamino naphthalene compound of this invention expressed 
with a general formula (D) is obtained by making the intermediate expressed 



with the obtained general formula (C) react to the aromatic halogenide 
expressed with general formula (III). Ar 1 and Ar 2 express respectively the 
aromatic group which may have a substituent independently among the 
above-mentioned general formula (II), (C), (III), and (D). However, the method of 
one at least expresses the aromatic condensed ring group which may have a 
substituent of Ar 1 and the Ar 2 which three or more rings condense. X is halogen 
atoms, such as iodine, bromine, and chlorine. 
[0052] 

If it is a 2,7-diamino naphthalene compound of an asymmetrical type, it is 
compoundable by making these react to 2,7-dihydroxynaphthalene (B) gradually 
using two kinds of aromatic amines, as it is shown below. 
[0053] 

[Formula 11] 



HO^^wOH Ar 3 -NH 2 (IV) ^ „ N ^ry^OU 



(B) 



(E) 



Ar -NH 2 (V) 



Ar 3 - N ^Y^ N ^ 4 



(F) 



Ar 5 -X (VI) 3 „N 



Ar 5 Ar 5 



Ar J 



u Ar 4 



(G) 



[0054] 

That is, dehydration of the aromatic amine which are 2,7-dihydroxynaphthalene 
(B) and general formula (IV), and is expressed first is carried out by the mole 
ratio of 1:1. Then, dehydration of the aromatic amine expressed with the 
intermediate expressed with the obtained general formula (E) and general 
formula (V) is carried out by the mole ratio of 1:1. The 2,7-diamino naphthalene 
compound of this invention expressed with a general formula (G) is obtained by 



making the intermediate expressed with the obtained general formula (F) react 
to the aromatic halogenide expressed with general formula (VI). Ar 3 - Ar 5 
express respectively the aromatic group which may have a substituent 
independently among general formula (IV) - (VI), (E), (F), and (G). However, at 
least one of Ar 3 - Ar 5 expresses the aromatic condensed ring group which three 
or more rings condense and which may have a substituent. X is halogen atoms, 
such as iodine, bromine, and chlorine. 

[0055] 

An un-object 2,7-diamino naphthalene compound is also compoundable by 
making these react gradually again using two kinds of aromatic halogenides as 
follows. 
[0056] 

[Formula 12] 



H H 

H °OC r ' OH Ar6 ~ NH2(V 'i Ar^Y^Q^Ar 6 
(B) (H) 

7 Ar 7 u 

Ar 7 -X (VIII) ' " 

Ar6 ' N t€r - 6 



(J) 



Ar8 ~x(ix) ^ 



Ar 7 Ar 8 



(K) 



[0057] 

That is, dehydration of the aromatic amine expressed with 
2,7-dihydroxynaphthalene (B) and general formula (VII) is carried out by the 
mole ratio of 1:2. The intermediate expressed with the obtained general formula 
(H) is made to react to the aromatic halogenide expressed with general formula 
(VIII) by the mole ratio of 1:1. The 2,7-diamino naphthalene compound of this 
invention expressed with a general formula (K) is obtained by making the 



intermediate expressed with the obtained general formula (J) react to the 
aromatic halogenide expressed with general formula (IX) by the mole ratio of 1 : 1 . 
Ar 6 - Ar 8 express respectively the aromatic group which may have a substituent 
independently among general formula (VII) - (IX), (H), (J), and (K). However, at 
least one of Ar 6 - Ar 8 expresses the aromatic condensed ring group which three 
or more rings condense and which may have a substituent. X is halogen atoms, 
such as iodine, bromine, and chlorine. 

[0058] 

If it is the 2,7-diamino naphthalene compound which R 1 , R 2 , or R 3 and R 4 joins 
together, and forms a ring in said general formula (I), It is obtained by performing 
a condensation reaction or making annular secondary amine react to 
2,7-dihydroxynaphthalene (B) about a substituent on an amine group of a 
2,7-diamino naphthalene compound manufactured as mentioned above. 
[0059] 

A minimum of a molecular weight of a 2,7-diamino naphthalene compound of 
this invention expressed with said general formula (I) is usually about 500 
preferably about 450, and a maximum is usually about 1000 preferably about 
1500. If there is a possibility that Tg may fall when less than this lower limit, and 



a maximum is exceeded, membrane formation by vacuum evaporation may 
become difficult. 
[0060] 

Although a desirable example of a 2,7-diamino naphthalene compound of this 
invention expressed with said general formula (I) is shown in following table-1 
(No. 1 -No. 94), it does not limit to these. 

[0061] 

[Table 1] 



[0062] 
[Table 
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[0077] 

Since it has high charge transport nature, the 2,7-diamino naphthalene 
compound of this invention expressed with said general formula (I) can be used 
conveniently for an electro photography photo conductor, organic 
electroluminescence devices, an optoelectric transducer, an organic solar cell, 
an organic rectifier, etc. as a charge transport nature material. Since it excels 
especially in electron hole transportability, it is suitable as a compound of 
electron transport property. 

[0078] 

Since the organic electroluminescence devices which are excellent in heat 
resistance and are driven to stability for a long period of time by using the 
2,7-diamino naphthalene compound of this invention expressed with said 
general formula (I) (luminescence) are obtained, it is suitable also as an organic 
electroluminescence-devices material. 
[0079] 

Next, the organic electroluminescence devices of this invention constituted using 



the 2,7-diamino naphthalene compound of such this invention are explained. 
The organic electroluminescence devices of this invention have a luminous layer 
between the anode and the negative pole, and have a layer containing the 
2,7-diamino naphthalene compound of this invention expressed with said 
general formula (I). 

In the organic electroluminescence devices of this invention, although this 
2,7-diamino naphthalene compound may be contained in which layer in organic 
electroluminescence devices, it is preferably contained in the layer of the 
electron hole transportability between the anode and a luminous layer. 
[0080] 

In the organic electroluminescence devices of this invention, said two or more 
sorts of 2,7-diamino naphthalene compounds may contain in the same layer, 
and this 2,7-diamino naphthalene compound may contain in two or more layers. 
In such a case, the 2,7-diamino naphthalene compound contained in these 
layers may be the same, or may differ. 
[0081] 

In the organic electroluminescence devices of this invention, in the case of one, 
the layer between anode-luminous layers calls this an "electron hole transporting 



bed", in the case of two or more, an "anode buffer layer" and the other layer are 
named generically, and they call the layer which is in contact with the anode an 
"electron hole transporting bed." 

[0082] 

The embodiment of the organic electroluminescence devices of this invention is 
described to an example for the case where the 2,7-diamino naphthalene 
compound of this invention expressed with said general formula (I) with 
reference to drawings below is contained in an electron hole transporting bed, in 
detail. 
[0083] 

Although drawing 1 - drawing 3 are the sectional views showing typically the 
constructional example of the organic electroluminescence devices of this 
invention, the organic electroluminescence devices of this invention are not 
limited to the thing of a graphic display at all. in drawing 1 - drawing 3 - 1 - a 
substrate and 2 -- the anode and 3, as for an anode buffer layer and 4, an 
electron hole transporting bed and 5 express a luminous layer, 6 expresses an 
electron transport layer, and 7 expresses the negative pole respectively. 
[0084] 



The substrate 1 serves as a base material of organic electroluminescence 
devices, and the board of quartz or glass, a metal plate, a metallic foil and a 
plastic film, a sheet, etc. are used. The board of transparent synthetic resins, 
such as a glass plate, polyester, polymethacrylate, polycarbonate, polysulfone, 
is especially preferred. To use a synthetic resin base, it is necessary to care 
about gas barrier property. Since organic electroluminescence devices may 
deteriorate by the open air which passed the substrate when the gas barrier 
property of a substrate is too small, it is not desirable. For this reason, when 
using a synthetic resin base, the method of providing precise silicon oxide etc. at 
least in that one side, and securing gas barrier property is also one of the 
desirable methods. 
[0085] 

The anode 2 is formed on the substrate 1 . The anode 2 plays the role of the hole 
injection to the electron hole transporting bed 4. This anode 2 usually Aluminum, 
gold, silver, nickel, palladium, It is constituted by conductive polymers, such as 
halogenation metal, such as metallic oxides, such as an oxide of metal, such as 
platinum, indium, and/or tin, and copper iodide, carbon black or poly 
(3-methylthiophene), polypyrrole, and poly aniline, etc. The anode 2 is usually 



formed by sputtering process, a vacuum deposition method, etc. in many cases. 
When forming the anode 2 using particles, such as metal particles, such as silver, 
and copper iodide, carbon black, a conductive metal oxide particle, conductive 
polymer impalpable powder, etc., the anode 2 can also be formed by distributing 
in a suitable binder resin solution and applying on the substrate 1 . When forming 
the anode 2 using a conductive polymer, a thin film can be directly formed on the 
substrate 1 by electrolytic polymerization, or on the substrate 1 , a conductive 
polymer solution can be applied and the anode 2 can also be formed 
(Appl.Phys.Lett., 60 volumes, 2711 pages, 1992). The anode 2 may have the 
laminated structure formed by laminating the layer which consists of a different 
material. 
[0086] 

The thickness of the anode 2 changes with transparency to need. When 
transparency is needed, it is desirable to usually make transmissivity of visible 
light into not less than 80% preferably not less than 60%, 5 nm of minimums of 
the thickness of the anode 2 are usually 10 nm preferably in this case, and 1000 
nm of maximums are usually 500 nm preferably. When it may be opaque, the 
thickness of the anode 2 is arbitrary, for example, may be formed with metal etc. 



and may serve as the substrate 1. 

[0087] 

In the organic electroluminescence devices of drawing 1 , the electron hole 
transporting bed 4 is formed on the anode 2. 
As conditions required of the material of the electron hole transporting bed 4, the 
hole-injection efficiency from the anode 2 is high, and it is possible to convey the 
poured-in electron hole efficiently, and it is required to be the material which can 
deliver an electron hole to the luminous layer 5 efficiently. For that purpose, hole 
mobility is large and it has moderate ionization potential, and to the light of 
visible light, transparency is high, the stable amorphous film which is not 
crystallized still more easily can be formed, and it is required that it should be 
hard to generate the impurity used as a trap at the time of manufacture and use. 
Therefore, the material which has about 4.9-5. 3-eV ionization potential, and 
absorption of a light range is small, and a frontier electron orbit delocalizes 
widely, and has the still higher glass transition temperature Tg is preferred. 
[0088] 

In [ in order that the 2,7-diamino naphthalene compound of this invention 
expressed with said general formula (I) may fully fulfill these conditions ] the 



organic electroluminescence devices of this invention, It is preferred to use the 
2,7-diamino naphthalene compound of this invention as a stratification material 
of the hole injection and transportability established between the anode 2 and 
the luminous layer 5 mentioned later. 

[0089] 

Ionization potential is defined by energy required to emit the electrons in the 
HOMO (highest occupied molecular orbital) level of a substance to vacuum level, 
and even if it amends the oxidation potential which direct measurement was 
carried out by photoelectron spectroscopy, or was measured electrochemically 
to a reference electrode, it is searched for. When a saturated calomel electrode 
(S C E) is used as a reference electrode, for example in the case of the latter 
method, 

Ionization potential = oxidation potential (vs.S C E) of +4.3 eV 
It is come out and expressed ("Molecular Semiconductors", Springer-Verlag, 
1985, 98 pages). 

[0090] 

The electron hole transporting bed 4 containing the 2,7-diamino naphthalene 
compound of this invention expressed with general formula (I) is formed on said 



anode 2 by the applying method or a vacuum deposition method. When based 
on the applying method, the 2,7-diamino naphthalene compound of this 
invention is dissolved in a solvent, What is necessary is just to carry out the 
stratification on the anode 2 by the publicly known wet forming-membranes 
method using the coating solution which added and prepared additive agents 
which furthermore do not become a hole trap as occasion demands at this, such 
as binder resin and a spreading nature improving agent. Here, as a wet 
forming-membranes method, various print processes, such as the usual 
applying methods, such as a spray method, print processes, a spin coat method, 
a dip coating method, and the die coat method, the ink jet method, screen 
printing, etc. are mentioned. 

[0091] 

Polycarbonate, polyarylate, polyester, etc. are used as binder resin. As for 
binder resin, since hole mobility will fall if there are many amounts of binder resin 
occupied to the electron hole transporting bed 4, it is preferred to use so that the 
content in the electron hole transporting bed 4 may be 50 or less % of the weight. 
[0092] 

When based on a vacuum deposition method, the crucible which accommodated 



the 2,7-diamino naphthalene compound of this invention is installed in a vacuum 
housing, and the anode 2 is made to counter a crucible and is arranged. After 
exhausting the inside of this vacuum housing even to a 10 4 Pa grade with a 
vacuum pump, a crucible is heated, a 2,7-diamino naphthalene compound is 
evaporated, and the generated steam is made to vapor-deposit on the anode 2. 
[0093] 

The electron hole transporting bed 4 may be formed using one sort of the 
2,7-diamino naphthalene compound of this invention independently, and may 
mix and form two or more sorts if needed. Aromatic amines other than the 
2,7-diamino naphthalene compound of this invention, etc. may be contained in 
the range which does not spoil the performance of the element of this invention. 
In the electron hole transporting bed 4, as an acceptor, further The metal 
complex and/or metal salt (J P, 4-320484, A) of aromatic carboxylic acid, A 
benzophenone derivative and a thio benzophenone derivative (JP, 5-295361, A), 
and fullerene (JP,5-331458,A) may be doped by 10 3 -10 % of the weight 
concentration, and the electron hole as a free career may be made to generate. 
If it does in this way, generally driver voltage can be made low. Unless the 
outstanding characteristic which the 2,7-diamino naphthalene compound of this 



invention has is spoiled, a publicly known hole transporting material may be 
used together to this electron hole transporting bed 4. 
[0094] 

As this publicly known electron hole transportability material, for example 
1,1-bis(4-di-p-tolylamino phenyl)cyclohexane, The aromatic amine which two or 
more fused aromatic rings replaced by the nitrogen atom including two or more 
tertiary amine represented with 4,4'-bis[N-(1-naphthyl)-N-phenylamino] biphenyl 
(JP, 5-234681, A), The aromatictriamine which has starburst structure with the 
derivative of triphenylbenzene (U.S. Pat. No. 4,923,774), 
N,N'-diphenyl-N,N'-bis(3-methylphenyl)biphenyl 4,4'-diamine etc., The 
compound which the aromatic diamino group replaced by the pyrenyl group, the 
aromatic diamine which has styryl structure (JP,4-290851 ,A), What connected 
the aromatic tertiary amine unit with the thiophene group (J P, 4-304466, A), 
Starburst typearomatictriamine (J P, 4-308688, A), What [ connected tertiary 
amine by the fluorene group ] (JP,5-25473,A), triamine compound 
(JP,5-239455,A), screw dipyridyl aminobiphenyl, N, N, and N-triphenylamine 
derivative (J P, 6- 1972, A), The aromatic diamine which has phenoxazine 
structure (JP,7-138562,A), A diaminophenyl phenanthridine derivative 



(JP,7-252474,A), a silazane compound (U.S. Pat. No. 4,950,950 gazette), a 
silanamine derivative (JP,6-49079,A), a phosphamine derivative (JP,6-25659,A), 
etc. are mentioned. These compounds may be used independently, if needed, 
may mix two or more sorts and may be used. 
[0095] 

As for the content of the 2,7-diamino naphthalene compound of this invention in 
the electron hole transporting bed 4, it is preferred that it is 50 % of the weight or 
more among this layer, and it is more preferred that it is 80 % of the weight or 
more. 
[0096] 

The thickness of the electron hole transporting bed 4 is not less than 10 nm 
preferably, and is usually 100 nm or less preferably 300 nm or less not less than 
5 nm. Thus, in order to form a thin film uniformly, generally a vacuum deposition 
method is used well. 

[0097] 

In the element shown in drawing 1 , the luminous layer 5 is formed on the 
electron hole transporting bed 4. In inter-electrode [ which was able to give the 
electric field ], the luminous layer 5 is formed considering the luminescent 



compound in which it is excited by the recombination of the electron hole which 
is poured in from the anode 2 and moves the electron hole transporting bed 4, 
and the electron which is poured in from the negative pole 7 and moves the 
electron transport layer 6, and strong luminescence (fluorescence or 
phosphorescence) is shown as the main ingredients. This luminescent 
compound needs to be what has stable thin film shape, can show a high 
quantum yield (luminescence) according to a solid state, and can convey an 
electron hole and/or an electron efficiently. It is electrochemically and chemically 
stable and it is required that the impurity used as a trap should be a compound 
which is hard to generate at the time of manufacture and use. 
[0098] 

As a compound which forms the luminous layer which fulfills such conditions and 
shows fluorescence, Complex compounds, such as an aluminium complex of 
8-hydroxyquinoline (JP,59-194393,A), The complex compound of 
10-hydroxybenzo[h] quinoline ( J P, 6-322362, A), A screw styryl benzene 
derivative (JP,1-245087,A, 2-222484 gazette), A screw styryl arylene derivative 
(J P, 2-247278, A), the metal complex (JP,8-315983,A) of benzothiazole 
(2-hydroxyphenyl), a silole derivative, etc. are mentioned. The aromatic amine 



system compound which has luminescence among the above-mentioned 
electron hole transportability materials can also be used as a luminous layer 
material. Such luminous layer materials are usually laminated on the electron 
hole transporting bed 4 by a vacuum deposition method. 
[0099] 

While raising the luminous efficiency of an element, it is the purpose of changing 
the luminescent color, and doping fluorochromes for laser, such as a coumarin, 
by using the aluminium complex of 8-hydroxyquinoline as a host material, for 
example (J. Appl.Phys., 65 volumes, 3610 pages, 1989) etc. is performed. This 
doping technique can be applied also to the luminous layer 5, and various kinds 
of fluorochromes can be used for it as a charge of dope material besides a 
coumarin. As a fluorochrome which gives blue light, perylene, pyrene, 
anthracene, coumarins, those derivatives, etc. are mentioned. A quinacridone 
derivative, a coumarin derivative, etc. are mentioned as green fluorescence 
coloring matter. Rubrene, a peri MIDON derivative, etc. are mentioned as a 
yellow fluorochrome. As a red fluorochrome, a DCM system compound, a 
benzopyran derivative, a rhodamine derivative, a benzo thioxanthene derivative, 
azabenzthioxanthene, etc. are mentioned. 



[0100] 

responding to a host material besides the above-mentioned fluorochrome for a 
dope - laser research, eight volumes, 694 pages, 803 pages, and 
958page(1980); -- said 9 volume, the fluorochrome currently enumerated 
without 85 pages (1981), etc. can be used as a dope material for luminous layers. 
[0101] 

More than 10 3 weight % of the quantity by which the above-mentioned 
fluorochrome is doped to a host material is preferred, and its 10 or less % of the 
weight is preferred. If doped quantity may be unable to contribute to the 
improvement in luminous efficiency of an element by less than 10 3 weight % and 
exceeds 10 % of the weight, concentration quenching may occur and it may 
result in decline in luminous efficiency. 

[0102] 

On the other hand, the luminous layer which shows phosphorescence 
luminescence is usually formed including a phosphorescence dopant and a host 
material. It is preferred to use the charge transport nature organic compound 
which the organometallic complex which contains the metal chosen, for example 
from periodic table 7 thru/or 11 fellows as a phosphorescence dopant is 



mentioned, and has T1 [ higher than T1 (the minimum excitation triplet level) of 
this metal complex ] as a host material. 
[0103] 

A ruthenium, rhodium, palladium, silver, a rhenium, osmium, iridium, platinum, 
and gold are mentioned preferably as this metal in the phosphorescence 
organometallic complex containing the metal chosen from periodic table 7 
thru/or 1 1 fellows. 

[0104] 

As a host material used for the luminous layer which shows phosphorescence 
luminescence, Besides the material mentioned above as a host material used 
for the luminous layer which shows firefly luminescence, Carbazole derivatives, 
such as 4,4'-N,N'-dicarbazole biphenyl (WO 00/No. 70655 gazette), 
Tris(8-hydroxyquinoline) aluminum (USP No. 6,303,238 gazette), 
2,2',2"-(1,3,5-benzene tolyl) tris [1-phenyl-1H-benzimidazole] (Appl.Phys.Lett., 
78 volumes, the 1622nd paragraph, 2001), a polyvinyl carbazole 
(JP,2001-257076,A), etc. are mentioned. 

[0105] 

Furthermore, the luminous layer 5 in the organic electroluminescence devices of 



this invention may contain the above-mentioned fluorochrome with the host 
material and the phosphorescence dopant. 

[0106] 

As for the quantity of the organometallic complex contained as a dopant in the 
luminous layer 5, 0.1 % of the weight or more is preferred, and its 30 or less % of 
the weight is preferred. If this quantity may be unable to contribute to the 
improvement in luminous efficiency of an element at less than 0.1 % of the 
weight and exceeds 30 % of the weight, concentration quenching may occur for 
the reason of organometallic complexes forming a dimer, and it may result in 
decline in luminous efficiency. 

[0107] 

In the element which used the conventional fluorescence (1-fold paragraph), the 
quantity of the phosphorescence dopant in the luminous layer which shows 
phosphorescence luminescence has the tendency for more [ a little ] ones to be 
more preferred than the quantity of the fluorescence coloring matter (dopant) 
contained in a luminous layer. When a fluorochrome contains in a luminous layer 
with a phosphorescence dopant, as for the quantity of this fluorochrome, 0.05 % 
of the weight or more is preferred, and its 0.05 % of the weight or more is more 



preferred, and its 10 or less % of the weight is preferred, and its 2 or less % of 
the weight is more preferred. 

[0108] 

The thickness of the luminous layer 5 is not less than 5 nm preferably, and is 
usually 100 nm or less preferably 200 nm or less not less than 3 nm. 
[0109] 

Although the luminous layer 5 can also be formed by the same method as the 
electron hole transporting bed 4, a vacuum deposition method is usually used. 
Below, how to dope an above-mentioned fluorochrome and/or phosphorescence 
coloring matter (phosphorescence dopant) to the host material of a luminous 
layer is explained. 

[0110] 

In spreading, by said luminous layer host material, and the coloring matter for a 
dope and also necessity. The coating solution which added additive agents, 
such as binder resin used as neither an electronic trap nor the quencher of 
luminescence and spreading nature improving agents, such as a leveling agent, 
and dissolved is prepared, and it applies on the electron hole transporting bed 4 
by methods, such as a spin coat method, and it dries and the luminous layer 5 is 



formed. Polycarbonate, polyarylate, polyester, etc. are mentioned as binder 
resin. Since it will reduce an electron hole/electron mobility if binder resin has 
many additions, few directions are desirable and its 50 or less % of the weight is 
usually preferred at the content in the luminous layer 5. 
[0111] 

In the case of a vacuum deposition method, said host material is paid to the 
crucible installed in the vacuum housing, After putting the coloring matter to 
dope into another crucible and exhausting the inside of a vacuum housing even 
to a 10- 4 Pa grade with a suitable vacuum pump, each crucible is heated 
simultaneously, a host material and coloring matter are evaporated, and a layer 
is formed on the substrate placed by facing a crucible. What mixed the 
above-mentioned material by the predetermined ratio beforehand as other 
methods may be evaporated using the same crucible. 
[0112] 

When each above-mentioned dopant is doped in the luminous layer 5, in the 
thickness direction of the luminous layer 5, it may be doped uniformly, and it 
does not matter even if there is concentration distribution in a thickness direction. 
For example, it may dope only near the interface by the side of the electron hole 



transporting bed 4, or may dope only near the interface by the side of the 
negative pole 7 conversely. 

[0113] 

The luminous layer 5 may contain ingredients other than the above in the range 
which does not spoil the performance of this invention. 
[0114] 

In the element shown in drawing 1 , the role which pours an electron into the 
luminous layer 5 via layers direct [ the negative pole 7 provided on the luminous 
layer 5 ] or arbitrary is played. Although the material used as the negative pole 7 
can use the material used for said anode 2, In order to perform electron injection 
efficiently, the low metal of a work function is preferred and suitable metal or 
those alloys, such as tin, magnesium, indium, calcium, aluminum, and silver, are 
used. As an example, the alloy electrode of low work functions, such as a 
magnesium silver alloy, a magnesium indium alloy, and an aluminium-lithium 
alloy, is mentioned. 

[0115] 

The thickness of the negative pole 7 is usually the same as that of the anode 2. 
Since the stability of an element is increased, it is preferred that a work function 



laminates a stable metal layer to the atmosphere further highly on this, in order 
to protect the negative pole 7 which comprises a low work function metal. For 
this purpose, metal, such as aluminum, silver, copper, nickel, chromium, gold, 
and platinum, is used. 

[0116] 

The raising the efficiency of a hole injection further and making the adhesion 
force to the anode 2 of the whole organic layer improve purpose, as shown in 
drawing 2 and 3, inserting the anode buffer layer 3 between the electron hole 
transporting bed 4 and the anode 2 is also performed. By inserting the anode 
buffer layer 3, it is effective in a power surge when the continuation drive of the 
element is carried out by constant current being controlled at the same time the 
driver voltage of an early element falls. A thin film with it can be formed, stability, 
i.e., the melting point, and Tg are thermally high, and not less than 100 ** is 
required as not less than 300 ** and Tg as the melting point. [ good contact to 
the anode 2 and ] [ uniform as conditions required of the material used for the 
anode buffer layer 3 ] It is mentioned that ionization potential is low and the hole 
injection from the anode 2 is easy and that hole mobility is large. 
[0117] 



Until now for this purpose Phthalocyanine compounds, such as a copper 
phthalocyanine (JP,63-295695,A), Poly aniline (Appl.Phys.Lett., 64 volumes, 
1245 pages, 1994), a polythiophene (Optical Materials - 125 pages nine 
volumes) Metallic oxides (J. Phys.D, 29 volumes, 2750 pages, 1996), such as 
the organic compound and weld slag carbon films (Synth. Met., 91 volumes, 73 
pages, 1997) in 1998 etc., a vanadium oxide, a ruthenium oxidation thing, a 
molybdenum oxide, are reported. 

[0118] 

the layer (JP,11-251067,A.) containing the low molecule organic compound and 
electronic receptiveness compound of a hole injection and transportability At 
JP,2000-159221,A etc. to a statement and the non-conjugated system high 
molecular compound containing an aromatic amino group etc. the layer 
(JP,11-135262,A.) which dopes an electronic receptiveness compound if 
needed JP,1 1-283750.A, JP,2000-36390,A, Although the layer (JP,10-92584,A) 
containing conductive polymers, such as polythiophenes, such as 
JP,2000-150168,A, JP,2001-223084,A, and WO 97/No. 33193 gazette, are 
mentioned, it is not limited to these. 

[0119] 



As the anode buffer layer 3 above-mentioned material, which compound of a low 
molecule and polymers is used. 

Things are also possible. 

[0120] 

Although thin film forming is possible also for the case of the anode buffer layer 3 
like the electron hole transporting bed 4, when it is an inorganic substance, a 
sputtering technique, electron beam evaporation method, and plasma CVD 
method are used further. 

[0121] 

When the thickness of the anode buffer layer 3 formed as mentioned above is 
formed using a low molecular weight compound, 3 nm of minimums are usually 
about 10 nm preferably, and 100 nm of maximums are usually about 50 nm 
preferably. 5 nm of minimums of the thickness of the anode buffer layer 3 formed 
using a high molecular compound are usually about 10 nm preferably, and 1000 
nm of maximums are usually about 500 nm preferably. 
[0122] 

As shown in drawing 3 for the purpose of raising the luminous efficiency of an 
element further, the electron transport layer 6 may be formed between the 



luminous layer 5 and the negative pole 7. The electron transport layer 6 is 
formed from the compound which can convey efficiently the electron poured in 
from the negative pole 7 in inter-electrode [ which was able to give the electric 
field ] in the direction of the luminous layer 5. 
[0123] 

It is required for the electron injection efficiency from the negative pole 7 to be a 
compound which can convey efficiently the electron which has high electron 
mobility and was poured in highly as an electron-transport-property compound 
used for the electron transport layer 6. 
[0124] 

As a material which fulfills such conditions, complex compounds, such as an 
aluminium complex of 8-hydroxyquinoline (JP,59-194393,A), The complex 
compound of 10-hydroxybenzo[h] quinoline, an oxadiazole derivative, A 
distyrylbiphenyl derivative, a silole derivative, 3-, or 5-hydroxy flavone complex 
compound, A benzoxazole complex compound, a benzothiazole complex 
compound, tris benzimidazolyl benzene (U.S. Pat. No. 5,645,948), A quinoxaline 
compound (JP,6-207169,A), a phenanthroline derivative (JP,5-331459,A), 
2-t-butyl-9,10-N,N'-dicyanoanthraquinonediimine, n type hydrogenation 



amorphous carbonization silicon, n type zinc sulfide, n type zinc selenide, etc. 
are mentioned. 
[0125] 

The thickness of the electron transport layer 6 is not less than 10 nm preferably, 
and is usually 100 nm or less preferably 200 nm or less not less than 5 nm. 
[0126] 

The electron transport layer 6 is formed by laminating on the luminous layer 5 
with the applying method or a vacuum deposition method like the electron hole 
transporting bed 4. Usually, a vacuum deposition method is used. 
[0127] 

To the interface of the negative pole 7, and drawing 1 and the luminous layer 5 
of 2 or the interface of the negative pole 7 and the electron transport layer 6 of 
drawing 3 . Inserting ultra-thin insulator layers (0.1-5 nm of thickness), such as 
LiF, MgF 2 , and Li 2 0, It is the effective method of raising the efficiency of element 
(Appl.Phys.Lett., 70 volumes, 152 pages, 1997; JP,10-74586,A;IEEE 
Trans. Electron. Devices, 44 volumes, 1245 pages, 1997). 
[0128] 

The organic electroluminescence devices of this invention may have arbitrary 



layers between [ other than each class mentioned above ] the anode and the 
negative pole. For example, an electron transport layer and an electron hole 
transporting bed may be constituted by providing a hole blocking layer so that 
the negative pole side interface of a luminous layer may be touched, or 
laminating two or more layers respectively in order to prevent that the electron 
hole which was not recombined by a luminous layer passes to the negative pole 
side. It is also possible to laminate to contrary to drawing 1 structure, i.e., 
substrate, top 1 also about lamination in order of the negative pole 7, the 
luminous layer 5, the electron hole transporting bed 4, and the anode 2, and at 
least one side is able to provide the organic electroluminescence devices of this 
invention between two substrates with high transparency, as mentioned already. 
It is also possible similarly to laminate in drawing 2 and a structure contrary to 
said class composition shown in 3. 

[0129] 

Also in any of the structure where a single element, the element which consists 
of structure where it has been arranged at array form, the anode, and the 
negative pole have been arranged in the shape of an X-Y matrix, organic 
electroluminescence devices can apply the organic electroluminescence 



devices of this invention. 

[0130] 

According to such organic electroluminescence devices, hole-injection 
transportation ability is high to the electron hole transporting bed 4, And by there 
being also few barriers with a luminous layer interface, having still higher Tg, and 
making the 2,7-diamino naphthalene compound of this invention which is not 
crystallized easily contain, Current efficiency and luminous efficiency are high, 
and a low voltage drive is possible, and organic electroluminescence devices 
excellent in driving stability and heat resistance are provided. 
[0131] 

Since it is fundamentally usable to the layer of a hole injection and 
transportability, the 2,7-diamino naphthalene compound expressed with said 
general formula (I) concerning this invention can be adopted not only as drawing 
1_- the electron hole transporting bed in drawing 3 but as any layer provided 
between the anode and a luminous layer. 
[Example] 
[0132] 

Next, although an example and a comparative example are given and this 



invention is explained more concretely, this invention is not limited to the 
statement of the following examples, unless the gist is exceeded. 
[0133] 

Example 1: Composition of an illustration compound (1) 
The 2,7-diamino naphthalene compound (illustration compound (1): compound 
of No.1 of table-1) of this invention shown in the following structural formulae 
was compounded. 
[0134] 




[0135] 

1) Composition of N,N'-bis(4-methylphenyl)-2,7-diaminonaphthalene 



[Formula 



14] 



XXj + H 2 N-^>CH 3 

I H H 

iSgsfh H,o-cr N oa N o CH3 



[0136] 

16.3 g (0.102 mol) of 2,7-dihydroxynaphthalene, Tetraethylene glycol wood 
ether 4ml_ was added to 27.3 g (0.245 mol) of p-toluidine, and the iodine 1.3g 
(0.005 mol), and it was made to react at 165 ** under a nitrogen atmosphere for 
5.5 hours. Ethanol 150ml_ was added to reaction mixture after ending reaction, 
and it was made to flow back for 1 0 minutes. The white needle crystal 27.5g (mol 
[ 0.081 ], 80% of yield) was obtained by collecting the obtained crystals by 
filtration after radiational cooling. 

[0137] 



2) Composition of N,N'-bis(4-methylphenyl)-N,N'-JI (9-phenan 
tolyl)-2,7-diaminonaphthalene 

[Formula 15] 




[0138] 

6.40 g (0.019 mol) of N,N'-bis(4-methylphenyl)-2,7-diaminonaphthalene, 
Tetraethylene glycol wood ether 30mL was added to 16.0 g (0.042 mol) of 
9-iodophenanthrene, the copper 2. 4g (0.038 mol), and the potassium carbonate 
7.8g (0.057 mol), and it was made to react at 200 ** under nitrogen for 8 hours. 



After ending reaction, tetrahydrofuran (THF) 150ml_ was added to reaction 
mixture, and the ** exception carried out the insoluble matter. After carrying out 
decompression distilling off of the THF contained in filtrate, filtration recovered 
the sediment obtained by flowing into methanol. Silica gel column 
chromatography (developing solvent: hexane/toluene =3/1) refined the obtained 
sediment, and the opalescence powder 7.54g (mol [ 0.011 ], 58% of yield) was 
obtained by washing with methanol. 

[0139] 

When sublimation refining of this opalescence powder 0.72g was carried out, the 
thin yellow candy-like solids 0.51 g (72% of yield) were collected. Since the 
molecular weight was 690 when mass analysis of salvaged material was 
conducted, it checked that this thin yellow candy-like solid was an illustration 
compound (1). When differential-thermal-analysis measurement was carried out 
by DSC-20 by a SEIKO electronic company, Tg showed 152 ** and a high value. 
The melting point was not able to be detected because of high amorphous 
nature. 
[0140] 

The 1 H-NMR (CDCI 3 , 270 MHz) data of this thin yellow candy-like solid is shown 



below. 

8.69 (d, 2H, J=9.3) 
8.66 (d, 2H, J=9.3) 
8.06 (dd, 2H, J=8.2, 0.9) 

7.70 (dd, 2H, J=7.7, 1.6) 
7.62 (dd, 2H, J=6.9, 1.6) 
7.60-7.49 (m, 6H) 
7.55 (s, 2H) 
7.43 (ddd, 2H, 7.2, 6.9, 0.9) 
7.13 (dd, 2H, J=8.9, 2.0) 
7.02-6.99 (m, 8H) 
6.89 (d, 2H, J=2.0) 
2.26 (s, 6H) 
[0141] 



Example 2: Composition of an illustration compound (91) 
The 2,7-diamino naphthalene compound (illustration compound (91): compound 
of No. 91 of table-1) of this invention shown in the following structural formulae 
was compounded. 



[Formula 



16] 




[0142] 

1) Composition of 2,7-bis(trifluoromethyl sulfonyloxy)naphthalene 
[Formula 17] 



H0 Y^Y^r° H (CF 3 SQ 2 ) 2 O TfOy^=Y OTf 

CH 2 CI 2 ,Et 3 N * 
0 °C-»rt, 4.5 h 



[0143] 



Methylene chloride 300ml_ and triethylamine 50mL were added to 1 1.8 g (0.074 



mol) of 2,7-dihydroxynaphthalene, and it cooled at 0 ** under nitrogen. After 
adding the anhydrous trifluorosulfonic acid 50. Og (0.177 mol) over 2 hours from 
a dropping funnel, temperature up was carried out to the room temperature over 
2 hours, and it stirred for 30 minutes at the room temperature. The organic layer 
was isolated preparatively, after emitting the reaction mixture to water 300m L 
and stirring it. They are the white crystals 23. 6g by recrystallizing in methanol 
after desiccation, filtration, and concentration with anhydrous magnesium sulfate. 
(0.056 mol and 75% of yield) were obtained. 
[0144] 

2) Composition of 2,7-bis(N-carbazolyl)naphthalene 

[Formula 18] 



[0145] 

3.50 g (0.0083 mol) of 2,7-bis(trifluoromethyl sulfonyloxy)naphthalene, Xylene 
30ml_ is added to 3.31 g (0.0198 mol) of carbazole, and the potassium 
carbonate 6.48g (0.0469 mol), The bottom of nitrogen, after carrying out 
temperature up to 80 **, It added having applied xylene solution 10ml_ of 0.17 g 
(0.00016 mol) of tris(dibenzylidene acetone)dipalladium (0), and the catalyst 
prepared from 0.36g (0.00065 mol) of 1,1'-bis(diphenylphospino)ferrocene for 5 
minutes. After making it react at 120 ** for 8 hours, it condensed after cooling to 
a room temperature. Chloroform and water were added, the sludge was 
dissolved and the organic layer was isolated preparatively. It is the white powder 
0.85g by silica gel column chromatography's (developing solvent's: 
hexane/toluene =4/1) refining after desiccation, filtration, and concentration with 
anhydrous magnesium sulfate, and washing with methanol. 
(0.0019 mol and 22% of yield) were obtained. 
[0146] 



Since the molecular weight was 458 when mass analysis of this white powder 
was conducted, it checked that this white powder was an illustration compound 
(91). When differential-thermal-analysis measurement was carried out by 
DSC-20 by a SEIKO electronic company, Tg was 93 ** and the melting point was 
250 
[0147] 

The 1 H-NMR (CDCI 3 , 270 MHz) data of this white powder is shown below. 



8.20 (d, 2H, J=8.5) 

8.19 (dd, 4H, J=8.0, 1.5) 

8.12 (d, 2H, J=1.9) 

7.79 (dd, 2H, J=8.5, 1.9) 

7.53 (dd, 4H, J=8.0, 1.5) 

7.45 (ddd, 4H, 8.0, 7.6, 1.5) 

7.33 (ddd, 4H, 8.0, 7.6, 1.5) 
[0148] 

Example 3: Electrochemical / spectrophotometrical measurement of an 

illustration compound (1) 



With the electrochemical analyzer 650A made from BAS, in the methylene 



chloride solution of the perchloric acid tetrabutylammonium 0.1 M, When used 
GCE made from BAS as a work electrode, Pt line was used as a 
counter-electrode, Ag line was used as a reference electrode and the SAIRIKKU 
voltammetry of the illustration compound (1) was measured, an 
oxidation-reduction potential is 0.83Vvs.S C E, and showed the value moderate 
as an electron hole transporting bed material of organic electroluminescence 
devices. The oxidation-reduction potential was converted using ferrocene / ferro 
SENIUMU as an inner mark substance. 

[0149] 

When the ionization potential of the film sample of the illustration compound (1) 
which formed membranes by carrying out vacuum deposition was measured 
using the ultraviolet-rays electronic analysis apparatus by Riken Keiki Co., Ltd. 
(AC-1), it is 5.07 eV and the value moderate as an electron hole transporting bed 
material of organic electroluminescence devices was shown. 
[0150] 

The result of having measured the absorption spectrum of the visible part of this 
film sample is shown in drawing 4 . As shown in drawing 4 , high transparency 
was shown in the light range. 



[0151] 

Comparative example 1: Composition of a comparison compound (L) 
2,6-dihydroxynaphthalene was used instead of 2,7-dihydroxynaphthalene, and 
also it is the same method as Example 1, and the comparison compound (L) 
expressed with the following structural formula was compounded. 
[0152] 

[Formula 19] 



[0153] 



Comparative example 2: Electrochemical / spectrophotometrical measurement 



of a comparison compound (L) 

When the SAIRIKKU voltammetry was measured by the same method as 
Example 3 about this comparison compound (L), the oxidation-reduction 
potential was 0.51Vvs.S C E. The oxidation-reduction potential was converted 
using ferrocene / ferro SENIUMU as an inner mark substance. When the 
ionization potential of the film sample was measured like Example 3, it was 4.75 
eV and all were lower than the illustration compound (1). The result of having 
measured the absorption spectrum of the visible part of a film sample is as being 
shown in drawing 4 , and is inferior to an illustration compound (1) also about 
transparency. 
[0154] 

Example 4: Production of the organic electroluminescence devices which use an 
illustration compound (1) 

The organic electroluminescence devices which have the structure shown in 
drawing 3 w ere produced by the following methods. 
[0155] 

What (Geomatec make; electron beam membrane formation article; sheet 
resistance 15 ohm/sq) deposited 120 nm of indium-tin-oxide (ITO) transparent 



conducting films on the glass substrate is patterned after the stripe of 2-mm 
width using the usual photolithography technique and chloride etching. The 
anode 2 was formed. The ITO board which carried out pattern formation was 
dried by the nitrogen blow after washing in order of ultrasonic cleaning by 
acetone, rinsing by pure water, and ultrasonic cleaning by isopropyl alcohol, and, 
finally the ultraviolet-rays ozone wash was performed. 
[0156] 

next -- as the anode buffer layer 3 - aromatic diamine content polyether (P-1) 
(weight average molecular weight 25,300; glass transition temperature of 171 **) 
of the following structure -- and - this (P-1) - it received and the spin coat of 
10% of the weight of the following compound (P-2) was carried out on the 
above-mentioned glass substrate on condition of the following. 
[0157] 

[Formula 20] 



[0159] 

Solvent 

(P-1) 

(P-2) 

Spina 

Spina 



Ethyl 

Concentration: 
Concentration: 
number of rotations 
turnover time: 30 

It is 100 



benzoate 
20 [mg/ml] 
2 [mg/ml] 
1500 [rpm] 
[a second] 
and is 1.5 hours. 



Drying condition 
[0160] 

The anode buffer layer 3 which has the uniform thin film shape of 30-nm 
thickness with the above-mentioned spin coat was formed. 
[0161] 

Next, the substrate 1 which carried out spreading membrane formation of the 
anode buffer layer 3 was installed in the vacuum evaporator. It exhausted using 
the oil diffusion pump provided with the liquid nitrogen trap after the oil sealed 
rotary pump performed rough exhaust air of this device until the degree of 
vacuum in a device became below 2x10 6 Torr (about 2.7x10 4 Pa). 



[0162] 

The illustration compound (1) was put into the ceramic crucible arranged in this 
device, and it vapor-deposited by heating with the tantalum wire heater around a 
crucible. The degree of vacuum at the time of vacuum evaporation is 1.3x10 
- 6 Torr (about 1.7x10 4 Pa), and formed the electron hole transporting bed 4 of 40 
nm of thickness with the evaporation rate of 0.1-0.17nm (an average of 
0. 1 3nm/(second))/second. 
[0163] 

Then, the 8-hydroxyquinoline complex (aluminum(C 9 H6 NO) 3 ) of the aluminum 
shown in the following structural formulae (Q-1) and (Q-2) as a material of the 
luminous layer 5 and C545T were vapor-deposited simultaneously. It was made 
for the rate of C545T to the 8-hydroxyquinoline complex of aluminum to be 0.8% 
of the weight. 

[0164] 

[Formula 22] 



(Q-1) 



[0165] 
[Formula 




(Q-2) 



[0166] 

The evaporation rate of 0.15nm/[ a second and ] and C545T of the evaporation 
rate of 0.7x10 6 Torr (about 0.9x10 4 Pa) and the 8-hydroxyquinoline complex of 
aluminum is 0.001 2nm/second, and the degree of vacuum at the time of this 
vacuum evaporation formed the luminous layer 5 of 30 nm of thickness. 
[0167] 

Then, the 8-hydroxyquinoline complex (Q-1) of the above-mentioned aluminum 
is vapor-deposited like the electron hole transporting bed 4 as the electron 
transport layer 6, The degree of vacuum at the time of 8-hydroxyquinoline 
complex vacuum evaporation of aluminum at this time was 0.6x1 0- 6 Torr (about 
0.8x1 0 4 Pa), the evaporation rate was 0.2nm/second, and the thickness of the 
vapor-deposited electron transport layer 6 was 30 nm. 
[0168] 

When carrying out vacuum deposition of the above-mentioned electron hole 
transporting bed 4, the luminous layer 5, and the electron transport layer 6, 
substrate temperature was held to the room temperature. 
[0169] 

Here, the element which performed vacuum evaporation to the electron 



transport layer 6 was once taken out from the inside of said vacuum evaporator 
in the atmosphere, and as a mask for negative pole vacuum evaporation, the 
stripe shape shadow mask of 2-mm width was stuck for the element so that it 
might intersect perpendicularly with the ITO stripe of the anode 2. This element 
was installed in another vacuum evaporator, and it exhausted until the degree of 
vacuum in a device became below 2.5x10 6 Torr (about 3.2x10 4 Pa) like the time 
of organic layer formation. 

[0170] 

Then, lithium fluoride (LiF) was vapor-deposited by evaporation rate [ of 
0.01nm/second ], and degree-of-vacuum 5.8x1 0 6 Torr (about 7.5x1 0- 4 Pa), using 
a molybdenum boat as the negative pole 7, and membranes were formed on the 
electron transport layer 6 at 0.3 nm of thickness. Next, aluminum was similarly 
heated by the molybdenum boat, the aluminum layer of 80 nm of thickness was 
formed by evaporation rate [ of 0.5nm/second ], and degree-of-vacuum 
1x10 5 Torr (about 1.3x10- 3 Pa), and the negative pole 7 was completed. The 
substrate temperature at the time of vacuum evaporation of the above two-layer 
type negative pole 7 was held to the room temperature. 
[0171] 



The organic electroluminescence devices which have an emission area portion 
with a size of 2 mm x 2 mm as mentioned above were obtained. The luminescent 
characteristic of this element is shown in table-2, and a drive life is shown in 
table-3. In table-2, the value in 100 cd/m 2 , and luminosity/current show 
inclination of a luminosity-current density characteristic, and, as for light emitting 
luminance, voltage shows the value in 100 cd/m 2 respectively, as for the value in 
the current density of 250 mA/cm 2 , and luminous efficiency. In table-3, a drive 
life shows the luminosity half line in initial luminance 5000 cd/m 2 and a room 
temperature drive. 
[0172] 

As shown in table-2, it is clear that the fall of driver voltage was attained and the 
high-intensity and efficient element was obtained by use of the electron hole 
transporting bed containing an illustration compound (1). It is clearer than table-3 
that the element with a long drive life which is excellent in heat resistance was 
obtained. 
[0173] 

Comparative example 3: Production of the organic electroluminescence devices 
which use a comparison compound (L) 



Organic electroluminescence devices were produced like Example 4 except 
having used the comparison compound (L) which is a 2,6-diamino naphthalene 
compound instead of the illustration compound (1) as a material of the electron 
hole transporting bed 4. The luminescent characteristic of this element is shown 
in table-2. 
[0174] 

Comparative example 4: Production of the organic electroluminescence devices 
which use a comparison compound (A-3) 

Instead of the illustration compound (1), organic electroluminescence devices 
were produced like Example 4 as a material of the electron hole transporting bed 
4 except having used said 4,4'-bis[N-(1-naphthyl)-N-phenylamino] biphenyl (A-3). 
The luminescent characteristic of this element is shown in table-2, and a drive 
life is shown in table-3. 

[0175] 

Table -As shown in 2 and table-3, compared with the element produced in 
Example 4, it was low and the luminous efficiency of the element produced by 
the comparative examples 3 and 4 had the short drive life. 
[0176] 



[Table 

«-2 



17] 









nm/n%t 






[cd/m 2 ] 


[Im/W] 


[cd/A] 


[V] 




38370 


11.6 


12.6 


3.5 


J*&0|3 


23180 


4.2 


6.9 


5.1 




28180 


9.0 


10.1 


3.6 



[0177] 

[Table 18] 



-3 





[h] 


SMI4 


150 


tt««4 


90 



[Industrial applicability] 
[0178] 



The light source in which the organic electroluminescence devices by this 
invention employed the feature as the field and surface light object of a flat panel 
display (for example, the object for OA computers is a flat TV) efficiently. As a 
display device for mount which can consider the application to (for example, the 
light source of a copying machine and the back light source of a liquid crystal 
display or instruments), the plotting board, and a beacon light and as which high 
heat resistance and long lasting nature are required especially, the technical 
value is large. 

[Brief Description of the Drawings] 

[0179] 

[Drawing 1 Jit is a typical sectional view showing an example of the embodiment 
of the organic electroluminescence devices of this invention. 
[Drawing 2]lt is a typical sectional view showing another example of the 
embodiment of the organic electroluminescence devices of this invention. 
[Drawing 3] lt is a typical sectional view showing another example of the 
embodiment of the organic electroluminescence devices of this invention. 
[Drawing 4] lt is the absorption-spectrum chart of a film sample measured by 
Example 3 and the comparative example 2. 



[Description of Notations] 
[0180] 

1 Substrate 

2 Anode 

3 Anode buffer layer 

4 Electron hole transporting bed 

5 Luminous layer 

6 Electron transport layer 

7 Negative pole 



2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[0179] 

[Drawing 1]lt is a typical sectional view showing an example of the embodiment 
of the organic electroluminescence devices of this invention. 
[Drawing 2] lt is a typical sectional view showing another example of the 
embodiment of the organic electroluminescence devices of this invention. 
[Drawing 3] lt is a typical sectional view showing another example of the 
embodiment of the organic electroluminescence devices of this invention. 
[Drawing 4] lt is the absorption-spectrum chart of a film sample measured by 



Example 3 and the comparative example 2. 
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nSo j» ft tt f - ^ y f t l x a , ixifMii7aiai Hft^Kftis^i^^o 
m ^ s if {* ^ s ft , m&mmfoiDT i (SMiEHSMfio ios^T 

[0103] 
[0104] 

Kig^^^ti^itfffl^ti^^xM^f-ULta, stft^ftSr^-r^ft/itM 

^tlS^XhttStLTraMl/ctfSOit, 4, 4'-N. N' -^*;l/^7-;H£7x 
z;yftHO*;WV/-;H|ft (WO 0 0 / 7 0 6 5 5 ^1) , h U X ( 8 - t F P 
^'H/yy) (USP 6, 303, 2 3 8 ^1^S) , 2 , 2', 2' ' 

- ( i , 3 , 5 - ^ y -if y h v ) h U x [ l - 7 x — ;i/ - l H - ^ y XV ^ # 7 — ;i/ ] 

(Appl. Phys. Lett. ,78# ,1622^ ,200 1 ) , # U \L - fj A 7 — )]/ (M 2 0 0 1 - 2 5 

7 0 7 6 ^ & f g ) ftffl^tll. 
[0105] 

jst^Hiotifwi^if tfeits^^isa, # x f u n *5 j; t? m ft 1* k - ^ 
yhtnic mm^mft^m^^^ u^t t, «fcv>„ 

[0106] 

s l < , $ fc 3 o m m % jk t # $f s o c © m ^ o . i m m % * m x a m =? © % ft % m 
^itftf^a^i^i^D, 3 o a « % * j@ x. s i: # n ^ s if {* n ± ^ 2 m {* * & $l 
tstoifi-eifii^s'gt, i3g ^ a $ © fg t £ s a nf m tt ^ a o 

[0107] 
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MK%y£**ir%y£mfc*5i}zMytn} t -Ay h<Dmit, «©m (in) 

ft S L VMS ft £ 5 c £ftj»)£1£Kw<yhfc#fc£ft&igtf&ft«*fc^#Sft3#-a' 
, IS)tfilOii^ 0 . 0 5lI%K_h^f Sl/<, 0 . 0 5li%J-U*U^SL 

[0108] 

&ft/15©^fcJ:, ii # 3 n m « ± , jf S L < (i 5 n mK±7$ 5, Sfelf 2 0 0 n 
mKT, «L((il OOnmHTTSS. 
[0109] 

ffl v» e n § o 

KTt, ±j/R©MMfeJ;t>V$fcttMfiig ( $ ^ 14 K - ^ y h ) * % ^ » © * X 

h # ^ t F-ytsss^i^tSo 

[0110] 

M©±f^«, Miasms** h#n t, \*-7m&m. s^agtio, s?©h 
5 -y 7° m % © m ft m t ft e a w w y ^ - m m * , y ^ >j ^^iioiitt«ssj*!f 

© ^ iflP M « in L M » L fc It M M M L , X h° y 3 - f> ?£ ft H © 7a ffi t «fc D IE ?L It M 

m 4 ± m lu l , sjiLt%)ti5*)p^ts 0 /uy^-sitLta, 

- k # u r v is - h , t;uxxf ;bt ^fifsn^o w si \*mijam&&^£ 

[01 1 1 ] 

7° -r s & n * S'j © 71/ y # a n , nss#§rt^;isftiis#y7 0 -eio- 4 Paiiti 

tffML fc > ^^©;l/^^^H^tcira^LT^Xh^^i:feil^^H$^, 71/ 7" « ft 
^i^otf^tifclSitl^fitSo $ fc, ffi © 75 £ i: L T , ± m © U H % J> ffi 
S it T* M & L fc t> © £ iwi - © 71/ y 3ft % ffl ^ t 3$ % S € T t> S o 

[01 1 2 ] 

±!B#K-^yhtf$!ftJl5ft J fc: K-^StiSi^, MB5©I1tj?7jftfcfci>Ti§- 
tK-y'Snt^ttK, Hi J? 77 ft fc: T Wt & # 2b -d X fe If fr ft 0 M * If, IE 
?L It M m 4 M © If ffi £ ^ Jc © * F - 7° L 7c D , ^ \c , ll7|©5?IJfi«tO^F-yL 

[01 1 3 ] 

ft&% %7tM5«, A^W©14tg^jlft fr£ l^tS H^±fB«n©J&#£:^A,-£^T t> «fc 
[01 1 4 ] 

WiU2 icmmz n%ttm%m^% c t£>^mx&%£>\ % m & < m ? a a * tf ft 5 tc a , 

fillSofg^il^fflK, X X\ y ^ 7 A , * ;l/ ^ 7 A , 7 7F 5 

- 7 A , igf Ol^^ilS/cttf tlSO^t^ffll^nSo IftMfcbtB, v y * y 
7A-SS^^, v ^ * ^> 7 A - ^ y ^ 7 A ^ ^ , 7 7l/5-7A-U^7A^^#©ffif±* 

[0115] 

mm 7 ©MiuiM, 112 ^i?s?„ fgf±*nm^s^e»fiics^ffi7^«a-rs 

© S S 14 * fi f fc tb ft S L ^ o C © @ m © /c 46 ic , 7 7F 5 - 7 A , II , I, - -y 7 7F , 7 
[0116] 

!E?Li4A©a*^St ft±? ^o, ISi^Oli2M0ftlA«3[|3tSI 
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WT\ 82, 3 lc * f W < , IE ?L It g « 4 PI ffi 2 © Pal Jc fi§ g Ay 7 y M 3 * Jf A f S 

5 i: IrI Hf t , |g?*S«J«"X?jl^|gl!ibfc^©«£E±^fcffllSllsnsa^^»So HI S ^ 
^7713 tffli^ti^^StSSSnsiffhLti^ fi§ « 2 i: © n y ^ 7 h # & < ±§ 
-ftlltMt? c J: ? t > iWtSS, -T & t> 5 > II j& cfc tf T g fif < , m&t 
L X \t 300°C JK ± , T g U T 100TC JK ± ^ S * S n S o H , >T * > ft # r > ^ ^ 
ffi < PJIS 2 5 ©xE?L&A^M& c fc, E^flfi*^t^^^flf^^ 0 

[01 1 7 ] 

c © i w © fc «> , cns^t, i7^ni'7-yi(07^n^7-yft&i ( # w hs 

63-295695^^fg) , |'J7-'J^ ( App 1 . Phys . Lett . , 64# , 1 245M , 1 994¥ ) „ #'Jf* 10 
7x> (Optical Materials, 9#, 125M, 1998^) # © # ft ft % jp , X ^ y $ • * - 
#y| (Synth. Met. ,91#, 731 , 1997^) *p , A f ^ A Ht 1 , ^f-7Alftft, 
^ U 7"f ylftfttOiliftS ( J . Phy s . D , 29# s 2750Hs 1 996¥) tf?R^SftTV>3 

[0118] 

S re , IE ?L a A • fft ^ 14 © ffi >j v ? II ft ^ t) £ « ? § g 14 ft ^ % * ^ # f 3 » 
1 1 - 2 5 1 0 6 7 ^^f, Sf| 2 0 0 0 - 1 5 9 2 2 1 ^ ^ fg # IH «c ) *P , 7? § * 7 

Tft?l ( # ffl ¥ 1 1-1 35262^ <&m. 1 - 2 8 3 7 5 0 ^^1, #W2 

0 0 0 - 3 6 3 9 0 5§&8, #| 2 0 0 0 - 1 5 0 1 6 8 §ftS, #^¥ 2 0 0 1 - 2 2 20 

3 0 8 4 ^1, |5iffW 0 9 7 / 3 3 1 9 3 ^SSin , Srctt^'J ft 7i >f O 

W fi 14 # U V - ^ £? « (HM¥ 1 0 - 9 2 5 8 4 t'iS) * H fe ^ If 6 ft 5 , o ft 5 

[0119] 

±IB®I/Vy7rI3#flfclTI4, ffi # ? • B £ ? ^ f ft © ft £ » % ffl v>§ 
[0120] 

li/<'y7rl3Ci^t, lE?L»^«4^eUcLTPJlM«^a5S^ MM 

[0121] 30 

± © « L X B fi5c 2 ft S PJ§ S A y 7 r S 3 © H J? , (g 5j v ? ft ^ ^ * ffl ^ X & J& S ft 
5 $ , TBBlf 3nm, !f H ( tt 1 0 n mlit$ 0 , IKiltll 0 0 nm, $f 
H < (i 5 OnmSS-eftSo S7cffi^?ft^tl^ffl^T^fiSc$ftS||®^-y7r«3© 
HJ¥©TPSaa#5nm, j?lb<Bl Onm|fif$t), iPSlilf 1 0 0 0 nm, U 
H < a 5 0 0 nmigf SSo 
[0122] 

if J;*g«fcLt, H 3 ^ -T W < , %7tii5i:PiS 

7 ©r B itciif i^i e ^isttTfe ^v^o Hfii^iiefi, £ n £ m nfl £ 

D fl^ fiSc $ ft 5 o 40 
[0123] 

S f It » 6 \z. m v^S ft 2 « ? If S 14 ft 3- i: L X « , ii7^^fl)ii s aAi$fflj 

[0124] 

£©J;5&^#£$§fc-rfcmi:LTtt, 8- 1: F d 4^ * / U > © 7 ;l/ 5 - V A if {* * H 
©lf{*ft^% (#^HS 59-194393^^fg) , 10- H K P * ^> ^ V 7 [h] * 7 U V © fi ft ^ 

5-h Fn^->7 7^yiftft^l, ^yx*^^y-;viftft^«, ^yy^7 7-;Hf 

{*ft^%, hyX^yX7^y''J/Hy^> (34^ a #1^^ 5,645,948^) , 50 
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y\t^m (#M¥ 6-207i69^&$8) , 7xtyfnyyfSft (#r^75-33i459^7 v ?g) 
, 2-t-^^;i/-9,io-N,N' -7 y 7 7 7 y h 7 + 7 y 7 7 5 y , nS^jciftM HitJ^ft y y 3 

7, n«Mfp7 ni^UyftlffiaH^^tf 5tl5„ 
[0125] 

S7ft^/i6©§|©«, ii # 5 n m « 7 , !f H < (i 1 0 n mHJ;t'$ •) « Sftlf 2 
OOnmfilT, !lfSL<ai 0 0 nmKTf $5. 
[0126] 

«?*5ti£S 6 fi, T£?Lfi^/i 4 i: |W| It 7 LTlflJjiSS^ttSSIfSti t> % 7^ H 5 
[0127] 10 

s 7 , ii7tai, 2 <Dmftm s h<D^-m. ^rcitmm 7 tm 3 <Dm^mmm 6 t <d 

M7 , L i F , M g F 2 , Li 2 0*if©ffiii|g|iai ( §! J¥0. l~5nm) % ff A 7 5 C £ 
fe, If ©i$^^lStStaSSa-!?S5 (Appl .Phys.Lett. ,70#, 152H, 19977 

; # H!7 10-74586^i>fB ; IEEE Trans. Electron. Devices, 44#, 1 245M, 19977) „ 

[0128] 

* % m <d m m n ^ % yt m 7 it , laLfc^iciiu, Pi « t Pf s t © m 7 ft m © s ^ 

f Ltl7tfi^„ M x. it , % )t I S |p p L 4 ^ d fcE ?L PI ffi {FJj ^SD&«-£©>&Pfl 

it7£^<, %^«©^SMWffifcfg7^ 7 5 ic IE jim it mtttzufc *) , n^mmm^iE 
, hi tn mo mm, a m ± 1 7 is m 1 , % ^ « 5 , 7 ?l it g « 4 , ii2©it 20 

Bfc*?liOtIt^Mif fctSfrS c i: t> nTtgt?SSo ^«!7, 02, 3 Ict^L fern 
[0129] 

/clI^5S:5 1f, Pi S t m m ff X - Y v h U v 9 X « 7 IB B S ft ftl it © V> f tl 7 
[0130] 

, %ytmftwt<DmM$>'j>%;<, s s 7 , ^^t 7 § m 7 a is n ft l a ^ # m m 30 

©2, 7-7 7577777yffc^^^^lr?^§Ci:7 7D, *MM7t5^M^ 
#K<, fro, fgft7Mfr7t£7^g]S£fiy B^147«ti/c#^*^^7t^7^^« 

[0131] 

My * % m 7 ^ 5 m m - m & ( 1 ) 7 s 7 n § 2 , 7 - 7 7 5 7 7 7 7 7 7 it & m \t 
, s a w 7 7 ?l a a • it m 14 © « 7 it m m ri 7 & 3 © 7 , m 1 ~ h 3 7 & it s ie ?l «t ^ 
» 7 PS S 77 Pi ffi i: 5§ ?t S t (D m 7 ^ if e. n s 7' n © Ji 7 1> s m 7 § c t ^ 7 7 & s 

[HffiM] 

[0132] 40 

^ M ^ a ps d , KTciffiMoiastisssftstotaav^ 

[0133] 

illl : liltpi ( 1 ) © ^ /?5c 

« 7 (D m m A 7 ^ 7 ^ % HJ4 (D 2 , 7 - 7 7 5 7 7 7 7 7 7 ft % (M^ftp-i ( 1 ) : 
1-lCNo. l©ft^t))^^fiScLfcc 
[0134] 
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[0136] 

2, 7 - is t H P + ^ y $ U y 16 . 3g (0 . 102mol), p - h )]/ 4 I? y 11 . 3g (0 . 245mo 1 ) , 
«fc tf 3 1.3g(0.005mol)fc: r h^xf-Uy^U 3 - ;l/ ^ ^ f- ;l/ x - -f 71/ 4mL^r in 3. , 
165°C T-5.5B? r B 1SJS5 t/c„ KJS£*7flK g ES ffi tc x £ 7 - ;M50mL£ to 

ft IS b b b 27 . 5g (0 . 08 1 mo 1 , IR * 80%) £ f# „ 
[0137] 

2) N , N ' - If 7. (4-^^;l/7x^;l/) - N, N ' - v ( 9 - 7 i t > h 
-2, 7-^75yt7?l/y©^i 



(39) 



JP 2004-323509 A 2004. 11. 18 



lit I 5 ] 




H 
N 



H 
N 




+ 



H 3 C- 



*CH 3 



CH3 CH3 



10 



Cu, K 2 C0 3 



0 0 



tetraglyme 
200 °C, 8 h 




[0138] 



N , N ' -l£X (4-^f-;l/7x-;l/) -2, 7 - 7 ^ 7 7 £ U ^ 6 . 40g (0 . 0 1 9mo 1 20 
), 9 — 3 — F 7 1 t y h U> / 16.0g(0.042mol) s ft 2 . 4g (0 . 038mo 1 ) *3 «fc XSU gfc % V V 1* 7 . 
8g(0.057mol)fc 7 h 7Xf U y 9 >J 3 - ;l/ 7 ;b x - 7 ^ 30mL^ ;(ra x , IIT^ 200°C 
"e8^HSJSS #7Co KJS^7ti> S(6ltf F7tF'n77> (THF) 150mL£ira*^ 

?s ® * m m l rc o 8«ttin«THF*«ffgsi,fti, * / - ;wc & ^\ i^tifc 
ttmrnzwrn \n «t t> mux l tc 0 i5n/ca:g^§^y*y;^7A^nvF^77^- c 

JgW}Sffi:'\ + , 9-y/h7l/xy=3/l) fcjcoTSKt, ^/-/Ft'titS at 
«fc 5 ¥LfifeM7.54g(0.011mol,M58%)$:t# 7c <> 
[0139] 

C OIL F3fe^*0.72g^#SI«K L/c i: C 6 s ifftfi 7 «@{*0.51g (IR*72%) HI 
IR 5 ft 7c o @ IK * © K ft #T * If -3 7c i: C 6 , £ 7 « 6907 £ ^ 7c £ t 6 , ligfe 30 
7 * ffl^ffcl^tf ( 1 ) C t*IIL/c 0 £7c, t^-tftt8D S C - 

2 0 t «t 5 *M&##tM5E 0 7c £ c 5 , T g it 152°C i: ffi^filfc* L 7c 0 i& * M ^ # H 
K © 7c i6 & tB "P # * -a 7c o 
[0140] 

llgfey^iftO 1 H-NMR (CDCI3 ,270MHz) r~MKTtSto 

8.69 (d, 2H, J=9.3) 
8.66 (d, 2H, J=9.3) 

8.06 (dd, 2H, J=8.2, 0.9) 

7.70 (dd, 2H, J=7.7, 1.6) 

7.62 (dd, 2H, J=6.9, 1.6) 40 
7.60-7.49 (m, 6H) 
7.55 (s, 2H) 

7.43 (ddd, 2H, 7.2, 6.9, 0.9) 
7.13 (dd, 2H, J=8.9, 2.0) 
7.02-6.99 (m, 8H) 
6.89 (d, 2H, J=2.0) 
2.26 (s, 6H) 
[0141] 

m m m 2 : m ^ it & m ( 9 n © & 

& t © m m a \c * 7 * m m © 2 , 7-^7?/t7?i/yft^i c m ^ ft ^ t> (9 1 ) 50 
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: | - 1 ON o. 9 1 © ft ^ % ) iti 
[ ft 1 6 ] 




[0142] 

1 ) 2 , 7 - e X (h'J7iUP^f/bX;H-/^ + >') ^ 7 # U y © fig 
[ ft 1 7 ] 



HO. 



OH (CF 3 S0 2 ) 2 O 

CH 2 CI 2 , Et 3 N 
0 °C^rt, 4.5 h 



u7 



[0143] 

2, 7 - is t K D * i/ -f 7 Z V y 11 .8g (0 . 074mo 1 ) lc M it * f- U y 300mL*3 «fc tf h U X 

f;V7^ y 50mL>& ijn *. , HTv o°c tc Si L „ ffi T n - h t> M 7j< h U 7 ;l/ * n x ;l/ 

* y IK 50 . 0g(0 . 177mo 1) * 20# K if X ill *. fc & , 2^H^iJ TSMS b, S S "P 30 

s^^^^^^tgi, ?i m , lit, # / - ;i/ s is n -r s c 1 1 «t u a & is n 23 . 6 



(0.056mol ,IR$75%) £ t# fc 0 
[0144] 

2 ) 2 , 7 - If 7s ( N - * ;!/ ^ V V J]/ ) t7^>©f 
[ it 1 8 ] 



TfO. 



Tf 




Pd 2 (dba) 3 /dppf 
K 2 CQ 3 

xylene 
120 °C,8h 




[0145] 

2, 7 -l£7 (h'J7/^n^f/l/X;l'*^;U4 1 >') ^7£Ixy3.50g (0.0083mol) 50 
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, # )]/;% y — ;l/3.31g (0.0198mol), M Wt fi V 7 A 6 . 48g (0 . 0469mo 1 ) tc 4 1 V U > 30mL & to 

MT, so °c # /jn l /c „ hux (^xy^yfy7th» w^s^a (o) 

0. 17g (0.000 16mol) 1 , 1' - t£ X ( V 7 x — JV * X 7 -f 7 ) 7 x P -fe V 0 . 36g (0 . 00065 
mo 1) 6 MS L fc m m © * *s IV y m m lOmL^ 5# W It T m 7L tc o 1 20°C T* 8B? H K JS $ •£ 
/Hi , g M ft sp , mmisfco ? n n * ;l/ A *5 «fc tf 7j< £ flu * , *ff ttl % & J§ fi? L , H it H 

^ 7 ^ - (mm mm ■■ ^**yy / h /^y= 4 / 1) ia-3tiiL, ^ x x - ^ « 
-r § c £ t «fc d afefi*o.85 g 

(0.0019mol,lK*22%)^# 5 ft /c „ 
[0146] 

C © $ * © Jt « ^ v tif * fl o tc t C 6 , M * 

ffl * ft 4» (91) T*S5 C £.%t$f&MLfc 0 $ fc, t^3-tftlDSC-20(cj; 
D ^Mi^MJS L fc C 6 , T gtt93°CT'£^ «UStt2501C"e»t3^„ 
[0147] 

MSfiM© 1 H-NMR C CDC 1 3 , 270MHz) f - ? * fit T tc ^ f „ 
8.20 (d, 2H, J=8.5) 
8.19 (dd, 4H, J=8.0, 1.5) 
8.12 (d, 2H, J=1.9) 
7.79 (dd, 2H, J=8.5, 1.9) 
7.53 (dd, 4H, J=8.0, 1.5) 
7.45 (ddd, 4H, 8.0, 7.6, 1.5) 
7.33 (ddd, 4H, 8.0, 7.6, 1.5) 
[0148] 

mmm 3 : m^it^m c 1 ) vmuit^w • ftyt^mwm 

BASllH hn^;*;b7t7d'f-6 5 OAtcJcD, Illlf h 7^f ;>7 V 
t-9A0. lMOSft^^UyJS?K*"e^ ftfflfi^LTBASlGCE, SfltL 

tpti, mmmmt lt a g m*m^T , m m it & m c 1 ) © ^ u >y ? ^ ;i/ x y ^ h 

'J-^ISLfcfccS, lftI^ltii0.83Vvs.S C Et'$D, # « * ^ H ft ^ ? © IE 
?L»^«^^i: Ltlgfti?:* u/c 0 ftfc, MjI^Hfitt i: L T 7 x p -b y 

[0149] 

s /c, n m t % c t tc £ d m l tc m m it & m en o«ino^yi*'fy 

V-V^MWff§§ (tt) S©^^|^*?^|ff^» (A C - 1 ) ^ffl^TUSbft tcz, 
[0150] 

s /c, c © » m m s © nr ^ m ft n m w x ^ ^ h ^ £ ri s u /c is n a 4 tc ^ -r 0 a 4 tc 
^ -r $n < , nj « )t m « tc $5 t is ^ m m * m l tc „ 

[0151] 

Jtiil : it « ft £ % ( L ) © ^ fiSc 

2 , 7 - ^ H K n 4 1 y -f 7 U y © ft fc> D 2 , 6 - ^t Fn^^f 7^ l/y?:ffl^fc 

ffi a , n m m i t m © 7j s t? , rmmm^^m^n^itmit^m c d * ^ ^ l ^ 0 

[0152] 
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CH 3 

(L) 



[0153] 

Jt«iz : itmfcG® (L) ©flgUfc^W • tfft^&iiJS 

c © j± m it $ m ( l ) to^t, iiM3 fc^aio^ffi-e^-ru y * # ^ * y * hu- 20 

fc t £ % s m it M 7C * f4 0 . 5 1 V vs . S C E T* £ o fc 0 ft , H ft 31 M it It ft 

# r V ^ -V 71/ * ^ ffi M 3 t m Wi ffl M L fc t £ Z , 4 . 75eVP 2b <D , ^ ? ft fe ffl ^ it & % ( 

i^ti^^f), llfttO^Tfel^fe^i ( 1 ) «fc D & § fe © T? £ fc o 
[0154] 

IIM 4 : l^ft^i (l) £f$fflL/cWMW%7tlg?©M 
H3t^-rif3i?rWt-SW<i«W%^^?^WT©77ffi^^SL/co 
[0155] 

# =7 X S |g ± fc << V V 7 h • 7 X & it m (I TO) 31 B/1 W m m * l 20nmt| ILfctO ( 30 
•^VT7^ii ; « ? e - A II tf& ; 7 - h Jg ft 1 5 Q / sq) £ 3 ft © 7 * h U V ^ 7 7 

/to /^-yffML/c i Ton*, 7thy(a2igiii, iffi 7j< tc «t s ?j< m , v 

^n(f;V7;^-;Wcj;5if fill c in; ^ , ll7n-7lISt, ££ $ m ft 

[0156] 

Si;^<y 7 rl 3 bTTfiilC^fi^r 5 >tf * V i-f;V (P-l) 

( s a ¥ ±§ # ? a 25 , 300 ; # 7 x Ie # m a 1 7 1 °c ) & «t # c <d c p - 1 ) icml 1 0 a a % 

©TIHft^^ (P-2) %TEO*#T, iiaS'7XlIitX^y3-hLfc„ 
[0157] 40 
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(P-1) 




(P-2) 



[0159] 



20 [mg/ml] 
2 [mg/ m 1 ] 
1500 [rpm] 
30 [#] 

i o o °c "t? i . 5 B# m 



[ 0 1 

±m 

[ 0 1 

) JKT 
[ 0 1 



( p - i ) ifi 
( p - 2 ) Ifi 

X h° -f 0 $e B# ^ . 
M^ff : 
6 0 ] 

© X k° y 3 - f t j; D 30nm©HJ¥©^-&P)l^^^#-r < 



6 1 ] 

5$,%m®m$>7fc z z> n ? rem, m m a o m m m f? 2 x 10- 6 Torr c m 2 . 7 x 10- 4 p a 
* 3 $ h =? -y 7°^fi^ /crftli^ y y^l^tilb /to 

6 2] 50 
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$y $ )V U 

10~ 4 Pa) ~V 
[0163 

tea r 71/ 5 

«fc 5 fc L fc 
[0164 
[ it 2 2 ] 



ft IB B 5 ft -b 9 5 -y ? 71/ V $ fc M ^ it ^ % ( l ) A ft , ^7#©MB® 
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